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Rate constants (k,ss) of hydrolysis in sulfuric acid-water mixtures at 100° for five 1-aryl-2-phenyl-2-imidazol-
ines were determined. The influence of substituents in the phenyl group at N-1 upon the rate of hydrolysis
was studied. When the imidazoline ring is considered to be a substituent of the benzene ring at N-1, a good
correlation with the Hammett equation is found.

In opposition to the behavior in alkaline media it was observed that reaction rates were enhanced by elec-
tron-withdrawing phenyl substituents and reduced by electron-releasing groups providing, similarly, a
change in the mechanism of the reaction in the second case that was not observed in the first. Agreement
with the Hammett equation allowed comparison between experimental and “‘calculated’ rate constants
which are fairly close. An equation relating the rate constants with the pK. values of the imidazolinium ions
is given.
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This is an extension of our work on the properties of

l-aryl-2-phenyl-2-imidazolines [1,2]. These compounds X oo/t

show in strong acid media a similar behavior as that in alk- 7N ot X . .

aline media undergoing breakdown through the N-1-C-2 0 —Hao/m @-NHQ-CHz-Cﬂz'“”3 L2 Gl
bond to give only N-aryl-N'-benzoylethylenediamines B h g

(Scheme I). However, the decreased stability of the latter %

in acid medium causes the subsequent hydrolysis to N-ar-

ylethylenediamine and benzoic acid. This decomposition —H— )@g;gﬂz-wz-?«% ©)
Ph

is generally partial and depends on the nature of the imid-

azoline, the pH and the temperature. Scheme I

Table I
Rates of Acid Hydrolysis of 1-Aryl-2-phenyl-2-imidazolines in Sulfuric Acid-Water Mixtures at 100°
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Compound No. R \ selected (nm) (M) 10%k,, {a] 10%k(m'min~") 105% ta(h)
(M-'min-") k=k.../[H'] (M 'min")
1 4-Me 290 0.50 2.30 4.60
0.75 3.40 4.53 4.53 255
1.00 4.47 4.47
2 3,4(Me0Q), 300 0.50 2.80 5.60
0.75 4.10 5.46 5.52 209
1.00 5.50 5.50
3 H 290 0.50 4.80 9.60
0.75 7.70 10.20 9.78 118
1.00 9.54 9.54
K(min-Y)
4 4-Cl 290 0.50 25.2
0.75 25.4 2.54 x 10 45
1.00 25.6
5 4-NO, 290 0.50 220
0.75 223 2.23 x 10 5.1
1.00 226

[a] The degree of certainty of the rate constants obtained from duplicate experiments was + 0.1.
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Kinetic studies were performed with five imidazolines
in sulfuric acid-water mixtures at 100°. Reactions were fol-
lowed by uv spectrophotometry, selecting a wavelength
where the absorptivity of the degradation products did not
interfere. At constant pH the rates of disappearance of the
imidazolines were found to be first order and reactions for
compounds 1, 2 and 3 (Table I) also showed first order de-
pendence on [H*] below 1M sulfuric acid concentrations.
Plots of log (absorbance) against time were linear for at
least 90% of the reaction for all the samples and rate con-
stants are given in Table I.

Plots of observed rate constants (k,,) versus sulfuric
acid molarity showed a different behavior according to the
nature of the aryl substituent at N-1 (Figure 1). This was
assumed to be produced by a change in the mechanism of
the reaction in the case of compounds 1, 2 and 3 which ap-
parently does not occur in compounds 4 and 5. Thus, we
tried to gain further insight into the nature of both mech-
anisms.
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Figure 1

Electron-Withdrawing Groups at N-1.

At low concentrations of acid, sufficient to provide the
imidazoline protonation at N-3 [1], it can be observed by
hptle the appearance of a reaction intermediate which co-
exists with the substrate and slowly undergoes decomposi-
tion to the degradation products. Prior observations {3] in-
dicate that this intermediate is formed by nucleophilic ad-
dition of water to the cat ion at position 2 to form a tetra-
hedral addition intermediate which decomposes to the
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hydrolysis products. The small variation of observed rate
constants on increasing the acid concentration (derivatives
4 and 5, Figure 1) over a wide range of molarities indicates
the absence of acid catalysis in the formation or decompo-
sition of the intermediate. Scheme II illustrates the case.
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Chromatographic experiments point out that the imid-
azoline is not completely converted into the intermediate
during the first step of the reaction (i.e., k., + 0). However,
linearity from the begining in curves (4) and (5) of Figure 2
indicates that the equilibrium (A'™)=(1'") is immediately
attained, which implies that K., > k,, so that k/k_, +
k,<1. With k., =k,.ko/(k., + k;) and taking into account
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the absence of acid catalysis it is concluded that, when -I
and -M electron-attracting groups are present at N-1, reac-
tions exclusively involve the rate determining nucleophilic
attack of water to the protonated imidazoline to give the
tetrahedral addition intermediate I'* (Scheme II); v = k

[(A”)]HH20~

Though hydrolysis of the 4-NO, derivative does without
catalysis the enthalpy of activation for this reaction (AH¥
= 16.1 Kcal/mol) is rather lower than that for the acid
catalyzed reaction of the 4-MeO derivative (AH¥ = 20.2
Kcal/mol), in spite of their similar steric requirements
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(A\S¥ = -27.5 and -26.6 u.e., respectively). This fact points
out the major facility of 5 to achieve the transition state
due to the contribution of C-2 positivized forms which are
favored when electron-attracting groups are present at N-1
and may account for a transition state like D. Finally,
eventual fall of the curves above (SO,H;) 4-5M may be due
to extensive protonation of a substrate or to the retarding
effect of decreasing water activity.

Electron-Releasing Groups at N-1.

In this case a different variation of the rate constants on
increasing the acid concentration is observed (Figure 1).
The attainment of bell-shaped curves indicates a change
in the mechanism of the reaction on going to higher [H*].
Lower ranges of acid reactions (0.25-1.0M) present a first
order dependence on hydrogen ion and a similar behavior
to that revealed in Figure 2 (lines 4 and 3). This implies a
rapid equilibrium (Imidazoline)=(Intermediate) and a
value much lower than unit for the first step. This fact and
the dependence of the reaction on acid concentration
allow to suggest, for the ascending side of the curves, a
reaction scheme like III in which the mechanism would in-
volve the acid catalyzed formation of the intermediate I>*
as the rate determining step of the reaction; v = k [(A")]
[H).
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Scheme II1

On increasing [H*] it is observed that the appearance of
B is initially delayed (Figure 2, dashed lines) and rate con-
stants become lower. This fact indicates that the steady
state equilibrium A<= is not immediately achieved
(k., ~k,) and reactions do not become first-order until that
equilibrium is reached. These results demand that a new
barrier appear between I** and B as the acid concentra-
tion is increased, i.e., that a new step becomes rate deter-
mining at this point. This step must be a simple proton
transfer [4] by acid to the intermediate I** (Scheme IV). As
the acid concentration is increased the protonation of I**

1-Aryl-2-phenyl-2-imidazolines
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will be more rapid than its opening and the decomposition
of the intermediate becomes rate determining. This agrees
with our results. Observed rate constants decrease and be-
come pH independent at the right hand of the curves (Fig-
ure 1, compounds 1, 2 and 3) where the reactions involve
rate-determining decomposition of the tetrahedral addi-
tion intermediate.

Structure-Rate of Hydrolysis and Basicity Relationships.

A quantitative evaluation of the influence of substit-
uents upon the reaction rates of hydrolysis was made
through the Hammett approach [5].

If compound 3 is taken as a reference the plot of Apkos.
(Table II) for compounds 1-5 against Hammett o-constants
gave a straight line with =178, (r = 0.999, s = 0.06).
The value of the slope relatively high points out a good
transmission of substituent effects to the site of nucleo-
philic attack (C-2). Furthermore, the good correlation with
Hammett o-constants suggests the participation of induc-
tive and mesomeric effects in the activation of the reaction

site, a fact which supports the existence of regular copla-
narity between the benzene ring at N-1 and the hetero-
cyclic ring [6]).

Relative rates in Table II indicate that electron-releas-
ing substituents in the benzene ring at N-1 retard hydroly-
sis while electron-withdrawing groups accelerate it, and
this is just opposed to our observations on the basic degra-
dation [2]. This opposite behavior is explained in the ac-
tual case considering the contribution of mesomeric struc-
tures E which favor the attack by water on C-2 and lead to
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Table II

Observed and Calculated Rate Constants of Acid Hydrolysis of 1-Aryl-2-phenyl-2-imidazolines at 100°

Compound No. o [a] Oim Relative Rate 10°k,,/min-!
1 0.170 0.112 0.47 0.447
2 -0.153 [c] -0.148 0.58 0.550
3 0.00 0.00 1.00 0.954
4 0.227 0.143 2.6 2.51
5 0.778 0.820 23.7 22.6

[a] Hammett substituent constants [S].
Ofouna value -0.117 [9].

[b] Experimental values obtained in an earlier paper [1].

10°k{uscafmin! 10%k"Lcafmin™? pkiwca  pK. [b}
0.476 0.535 4.272 9.48
0.510 0.445 4.352 9.55
0.954 0.954 4.020 9.26
2.41 1.99 3.700 8.98

23.0 66.0 2.180 7.65

[¢] Zo which gives a better fit to the regression than
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five or tenfold higher rates of decomposition in com-

pounds 4 and 5 (Table II).

Following the same theoretical development exposed in
our study on the alkaline hydrolysis [2] we have obtained
“calculated’’ rate constants k' (Table II), from the Ham-
mett equation. But better agreement with real values is ob-
tained (k'.,,.q) when new effective substituent constants o,
are used in such equation [7] which makes evident the
close linear relationship between rate of hydrolysis and
basicity, given by the expression

log k., = -1.14 pK, -6.56

This equation allows to estimate *‘a priori’’ the stability
of related compounds, under the same experimental con-
ditions, having simply determined their ionization con-
stants.

EXPERIMENTAL

1-Aryl-2-phenyl-2-imidazolines and N-Aryl-N'-benzoylethylenediamines.

These compounds were synthesized in our laboratory of Organic
Chemistry [8] and conveniently purified to perform the kinetic studies.

Kinetic Measurements.

Kinetic runs were performed in sulfuric acid-water mixtures over the
range 0.25-3.75 M at 100°. Disappearance of the imidazolines was fol-
lowed by uv spectrophotometry in a Beckman DB-G Grating spectropho-
tometer, selecting the wavelength where degradation products did not
absorb. Additional experiments confirmed the fulfillment of Beer’s law
at the selected wavelength. Reactions performed with initial concentra-
tions of 2 X 10-%1 X 10-* M showed a first-order dependence on the
substrate at every acid concentration. All rate constants were obtained
from 1 x 10-* M initial concentrations of the imidazolines and reactions
showed to be irreversible. First-order rate constants were calculated from
plots of log(A-A ) against time on semilogarithmic graph paper and the
relationship k., = 0.693/tl%.

General Kinetic Procedure.

Stock solutions of H,S0,-H,0 were prepared and substrates were dis-
solved to a concentration 1 X 10-* M. These solutions were distributed
into glass ampuls, hermetically sealed and placed in a water-refluxing
bath. At known intervals (initially 5, 15, 30 and 60 minutes) ampuls were
retired and suddenly cooled to 20°. Aliquots (1.25 ml) were transferred to
a volumetric flask (25 ml) and made up to volume with distilled water to
give final solutions 5 X 10-* M. The pH of these solutions, aiways above
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2.5, prevented any subséquent hydrolysis. The same procedure was fol-
lowed with the hydrolytic solvent without imidazoline to prepare the
blank solution. Absorbances at teo were spectrophotometrically obtained
after several half-life times and absorbance at time zero was estimated by
extrapolation.

Chromatographic Experiments.

Simultaneously with the uv kinetic procedures performed at pH values
around zero reactions were followed on chromatoplates Hptlc Silica gel
60 F154 (10 X 10 cm). Trichloroacetic acid-water solutions (1M) providing
the same pH values as those for the kinetic runs were used as developing
solvents. Reactions at H, = -0.18 (descending side of the bell-shaped
curves in Figure 1) showed a partial transformation of substrate (com-
pounds 1, 2 and 3) into the intermediate. After several hours the open
product N-aryl-N'-benzoylethylenediamine appeared clearly. The inter-
vals during which the open product was not detected were verified as the
same as those occurring in curves of Figure 2 (dashed lines). Reactions
were followed until 70-80% appearance of ethylenediamine derivative;
however, the spots corresponding to imidazoline and the intermediate
could still be observed (i.e., k_, ¥ 0). At infinite time only degradation
products were detected, (i.e., k, = 0).
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